We confirmed the substantial overall survival benefit of combination chemotherapy compared with bsc, with better survival in our patient population than in historical controls. However, novel treatment options are still warranted to improve outcomes in this patient population.
INTRODUCTION
Gastric cancer is the fourth most common malignancy and the second leading cause of cancer-related death worldwide, with 989,000 new cases and 738,000 deaths occurring annually 1 . Approximately 95% of all malignant gastric neoplasms are adenocarcinoma, which can be divided by the Lauren classification into either an intestinal or a diffuse form 2 . Esophageal cancer is the eighth most common cancer and the sixth most common cause of cancer death in the world 1 . Most esophageal malignancies are classified as either squamous cell carcinoma or adenocarcinoma, with the latter subtype emerging as the more common in developed countries.
Most patients with gastric or gastroesophageal junction (gej) cancer are diagnosed with inoperable advanced or metastatic disease. In such cases, chemotherapy is the only treatment demonstrating survival benefit, with a 63% reduction in the risk of death in comparison to best supportive care (bsc), while also improving overall quality of life 3 . Although there is no globally standardized regimen, fluoropyrimidine and platinum combinations form the backbone of chemotherapy for patients with advanced disease. Furthermore, compared with doublet combinations, the addition of an anthracycline or a taxane to a fluoropyrimidine and platinum agent significantly improves overall survival (os) 3, 4 .
ABSTRACT
Most patients with gastric or gastroesophageal junction (gej) cancer are diagnosed with inoperable advanced or metastatic disease. In these cases, chemotherapy is the only treatment demonstrating survival benefit. The present study compares clinicopathologic characteristics and survival outcomes for patients with advanced esophageal, gej, and gastric adenocarcinoma treated with first-line chemotherapy [epirubicin-cisplatin-5-fluorouracil (ecf), epirubicin-cisplatin-capecitabine (ecx), or etoposide-leucovorin-5-fluorouracil (elf)] or best supportive care (bsc) at our institution with those for historical controls.
Methods
We retrospectively reviewed medical information for 401 patients with newly diagnosed advanced esophageal, gej, or gastric adenocarcinoma treated with first-line chemotherapy (ecf, ecx, or elf) or bsc from January 1, 2004, through December 31, 2010. Descriptive statistics were used to compare the data collected with data for historical control patients.
Results
Of the study patients, 93% were diagnosed with metastatic disease (n = 374), and 63% received bsc only (n = 251). The main reasons that patients received bsc only included poor Eastern Cooperative Oncology Group performance status (55%), patient decision (31%), and comorbidities (14%). Of the remaining patients, 98 (24%) received ecf or ecx and 52 (13%) received elf as first-line treatment. Median overall survival was significantly longer in patients treated with ecf or ecx or with elf than in those receiving bsc (12.7 months vs. 12.7 months vs. 5.5 months respectively). Chemotherapy also significantly reduced the risk of death (64% reduction with ecf or ecx, 58% with elf).
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At our institution, the combination of either epirubicin, cisplatin, and 5-fluorouracil (ecf) or epirubicin, cisplatin, and capecitabine (ecx) is the first-line chemotherapy of choice in advanced esophageal, gej, and gastric adenocarcinoma patients with an Eastern Cooperative Oncology Group (ecog) performance status (ps) of 0-2. This practice is based on the real-2 study 5 . At our institution, ecx became an approved regimen in October 2007. Furthermore, given its clinical benefit in advanced gastric cancer and its tolerable toxicity, the elf regimen (etoposide, leucovorin, and 5-fluorouracil) can alternatively be considered in patients with medical contraindications to an anthracycline-based regimen or refusal of the central venous catheter required for ecf use 6 . However, elf has been considered inferior to triplet combinations 3 .
Most recently, the addition of molecularly targeted therapy in combination with chemotherapy has been tested in patients with advanced gastric and gej cancer. The toga (Trastuzumab for Gastric Cancer) study was the first randomized phase iii study that showed a significant os benefit from the addition of trastuzumab, a her2-directed monoclonal antibody, to a platinum-plus-fluoropyrimidines (5-fluorouracil or capecitabine) regimen, compared with platinum plus fluoropyrimidines alone in patients with her2 overexpression 7 . However, a trastuzumab-containing regimen is still not considered an accepted treatment option for patients with her2 overexpression at our institution because the comparison arm uses only doublet chemotherapy and not our standard triplet combination containing an anthracycline.
The objective of the present study was to determine the clinicopathologic characteristics and survival outcomes of patients with advanced lower esophageal, gej, and gastric adenocarcinoma treated either with first-line chemotherapy (ecf, ecx, or elf) or with bsc at our institution from January 1, 2004, to December 31, 2010, and to compare the results with results for historical control patients.
METHODS
We undertook a retrospective chart review for all patients with newly diagnosed advanced esophageal, gej, or gastric adenocarcinoma treated with first-line chemotherapy (ecf, ecx, or elf) or with bsc at the Cross Cancer Institute in Edmonton, Alberta, from January 1, 2004, through December 31, 2010. Major exclusion criteria were a non-adenocarcinoma histology and diagnosis with a secondary malignancy after treatment for advanced esophageal, gej, or gastric cancer. The source of medical information included the Cross Cancer Institute electronic health record system, paper charts, and Alberta Netcare, a provincial Web-based electronic health records system. The variables extracted from the database included patient information (date of birth, sex, vital status, date of death or date of last follow-up, and cause of death), diagnosis (primary site and date of diagnosis), primary treatment (chemotherapy or bsc), and progression (date of progression, site of progression, and treatment at progression). Ethics approval was obtained through our local tumour board, and all patient information was de-identified. Figure 1 illustrates the chemotherapy protocols.
Statistical Analysis
Descriptive statistics were used to compare the data we collected with data from historical control patients. Overall survival was calculated from the date of diagnosis to date of death from any cause. Progression-free survival was calculated from the date of diagnosis to the first date of documented progressive disease or death from any cause. Data from patients who were alive and from those who were free of progression were censored at the last date of follow-up visit (for os and for progression-free survival respectively). Survival was calculated using the Kaplan-Meier method. Log-rank statistics were used to compare the survival curves. A Cox proportional hazards model was used to estimate hazard ratios (hrs) and the corresponding 95% confidence (ci) intervals. A p value of 0.05 or less was considered statistically significant. All analyses were performed using the SAS software application (version 9.1.3: SAS Institute, Cary, NC, U.S.A.). diagnosed with advanced lower esophageal, gej, or gastric adenocarcinoma and received either first-line chemotherapy or bsc. The last date of follow-up for censored patients was October 13, 2011. The median period of follow-up was 5.73 months (range: 0.20-64.10 months). Table i summarizes demographics and baseline disease characteristics for the patient cohort, 79% of whom were men. Median age at the time of diagnosis was 60, 63, and 67 years in the groups of patients receiving ecf or ecx, elf, and bsc respectively. Most patients in the chemotherapy groups had an ecog ps of 0-1 (62% in the ecf or ecx group and 58% in the elf group); 80% of patients receiving bsc had an ecog ps of 2 or more. Gastric adenocarcinoma was the most common primary tumour (47%). At the time of diagnosis, 93% of patients were observed to have metastatic disease. Most patients (52%) had only 1 metastatic site at first presentation.
RESULTS

From
In the study cohort, 63% of patients received only bsc (n = 251). Of the patients who received bsc, 206 had data available on the reason for not receiving palliative chemotherapy, which included poor ecog ps (55%, n = 113), patient decision (30%, n = 62), and comorbidities (15%, n = 31). First-line palliative chemotherapy was ecf or ecx in 98 patients (24%); 52 (13%) received elf. The patients receiving ecf or ecx underwent a median 5 cycles of chemotherapy (range: 1-26 cycles); those receiving elf underwent a median of 3 cycles (range: 1-14 cycles; p = 0.005). Data were available for 39 patients who received elf. The main reasons for not receiving ecf or ecx included comorbidities or contraindication to cisplatin or anthracycline chemotherapy (54%) and patient decision concerning toxicity or requirement for a central line (46%). Second-line chemotherapy after disease progression was given to 14 patients (14%) in the ecf or ecx group and to 6 patients (12%) in the elf group. Third-line chemotherapy was administered to 4 patients in the study cohort, 2 patients per group. Palliative surgery for advanced disease was used for 6% of patients, and palliative radiotherapy was used for 7%.
At the time of analysis, 382 deaths had occurred: 84 in the ecf or ecx group, 50 in the elf group, and 248 in the bsc group. Median os was 12.7 months (95% ci: 10.7 to 14.8 months) in patients who received ecf or ecx, 12.7 months (95% ci: 9.4 to 16.0 months) in those who received elf, and 5.5 months (95% ci: 4.6 to 6.4 months) in those who received bsc (Figure 2) . A significant benefit with respect to os was seen both in the ecf or ecx group and in the elf group compared with the bsc group [hazard ratio (hr): 0.36; p < 0.001; and hr: 0.42; p < 0.001 respectively]. The hr for death in the chemotherapy groups remained similar when adjusted for age, ecog ps, and number of metastatic sites. We observed no difference in os between patients treated with ecf or ecx and those treated with elf (hr: 0.88; p = 0.63). Median progression-free survival in the chemotherapy arms was 8.48 months (95% ci: 6.87 to 9.86 months) for ecf or ecx and 8.87 months (95% ci: 6.67 to 10.32 months) for elf (Figure 3 ). Analysis of os for patients receiving bsc alone was also performed. The analysis demonstrated that, within that group, the patients who declined chemotherapy despite having a good ecog ps had a statistically better median os than did the patients with other reasons for not undergoing treatment: 6.11 months (95% ci: 4.44 to 6.47 months) and 2.83 months (95% ci: 2.43 to 3.32 months) respectively (hr: 0.62; p = 0.001; Figure 4 ).
DISCUSSION
In the present study, we compared clinicopathologic characteristics and survival outcomes for patients with advanced esophageal, gej, and gastric adenocarcinoma treated with first-line chemotherapy (ecf or ecx; or elf) or with bsc at our institution with data for historical control patients. Of our patient population, 79% were men, which accords with the sex distribution found in previous reports 5, 8 . The most common primary tumour site in our cohort was the stomach, with only 18% of patients having intestinal-type disease, which is well known to carry a more favourable outcome than diffuse-type tumours [9] [10] [11] . That proportion was clearly lower than the proportion in a previous report from the United States, which showed that 74% of gastric cancers were classified as the intestinal type 8 . The low proportion of intestinal-type tumours in the present study might be explained by an associated large number of non-classified tumours (78%).
At our institution, anthracycline-based chemotherapy (ecf and ecx) is used as the first-line chemotherapy option in patients with a good ecog ps. Our study confirms the substantially superior os benefit of ecf or ecx over bsc, with a 64% reduction in risk of death (hr: 0.36; p < 0.001). Among patients treated with ecf or ecx, the median os (12.7 months) was longer than those reported from landmark trials, including the study conducted in the United Kingdom, in which the median os was 8.9 months figure 2 Overall survival (os) in the study patients. with ecf 12 , and the real-2 trial, in which the median os was 9.9 months for the ecf and ecx arms alike 5 . Although we observed no obvious differences in clinical characteristics between the patients in the present study and those in the real-2 trial (Table ii) , a major difference was the histologic tumour type. Specifically, only the adenocarcinoma subtype met our inclusion criteria, and approximately 10% of the patients who participated in real-2 had squamous cell tumours or undifferentiated carcinoma. Other histologic characteristics that might affect survival, such as histologic grade and Lauren classification, were not evaluated in the real-2 trial.
Perhaps more importantly, the earlier studies allowed a maximum of only 8 cycles of chemotherapy, whereas at our institution, we continue treatment until disease progression or intolerance of therapy. However, the median number of cycles of chemotherapy in the present study is less than that reported in the real-2 trial. We postulate that continuation of chemotherapy beyond 8 cycles where clinically appropriate is an important factor allowing for longer median survival. For future clinical trials in this patient population, consideration should be given to allowing chemotherapy to continue until disease progression or therapy intolerance. Limiting the number of chemotherapy cycles may affect patient survival and might be considered a design flaw in future trials. In addition, for our patients, a palliative care team tended to be involved early in the disease course, which is another factor that might have allowed for longer median survival. However, a prospective study aimed at determining the survival impact of early palliative care in patients with advanced gastric cancer would be warranted.
Though elf has never been directly compared with ecf or ecx, a previous study demonstrated comparable clinical benefit for elf and a comparator arm of 5-fluorouracil, doxorubicin, and methotrexate (famtx) in advanced adenocarcinoma of the stomach, with the toxicity profile favoring elf 6 . Using crosstrial comparisons, elf has since been considered inferior to ecf, because the survival advantage of ecf compared with famtx was greater than that of elf compared with famtx 12 . Nonetheless, elf has been used at our institution for patients who have comorbidities or contraindications to anthracyclineor cisplatin-based combinations. Our study validates use of elf, given that we demonstrated a significant os benefit of elf over bsc, with a 58% reduction in the risk of death (hr: 0.42; p < 0.001). Furthermore, the median os of patients treated with elf in our study (12.7 months) is longer than that previously reported (7.2 months) 6 . Interestingly, progressionfree survival (hr: 0.90) and os (hr: 0.88) were both comparable between patients receiving ecf or ecx and those receiving elf in the present study, even though patients received a statistically significantly higher number of cycles of ecf or ecx. However, the elf group had a higher percentage of patients with intestinal-type tumours, more locally advanced disease, and a smaller percentage of patients having 3 or more metastatic sites, all of which carry a more favorable prognosis.
Our study is limited by its retrospective design, unavoidable missing data (particularly for clinicopathologic characteristics), and also the relatively small number of patients in the elf group. Nevertheless, those aspects are not likely to have affected the survival analyses affirming the survival benefit of combination chemotherapy over bsc. Furthermore, the survival data are certainly reliable because of the completely documented records from our database.
CONCLUSIONS
Our analysis demonstrates that palliative combination chemotherapy substantially improved os in patients with advanced esophageal, gej, and gastric adenocarcinoma, with better survival than that seen in historical controls. Anthracycline-based chemotherapy is the standard first-line regimen, but 
